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ABSTRACT 



A pressure control valve for a fuel injection apparatus for 
internal combustion engines, including a housing with a 
high-pressure connection and a return connection and 
including a cup-shaped piston, which is disposed in a 
housing bore, can be moved axially between a valve seat 
oriented toward the high-pressure connection and a stop 
oriented toward the return connection, counter to the spring 
force of a spring acting in the direction of the valve seat, and 
has at least one through opening that connects the inside of 
the cup-shaped piston lo the housing bore, is characterized 
in that at least one throttle element is disposed upstream 
and/or downstream of the valve seat in the flow direction of 
the fuel. 

7 Claims, 2 Drawing Sheets 
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PRESSURE CONTROL VALVE 
PRIOR ART 

The invention relates to a pressure control valve for a fuel 
injection apparatus for internal combustion engines, includ- 
ing a housing with a high-pressure connection and a return 
connection and including a cup-shaped piston. The piston 
which is disposed in a housing bore and, can be moved 
axial ly between a valve seat oriented toward the high- 
pressure connection and a stop oriented toward the return 
connection, counter to the spring force of a spring acting in 
the direction of the valve seat. The piston and has at least one 
through opening that connects the inside of the cup-shaped 
piston to the bousing bore. 

Pressure control valves of this kind have been known for 
a long time and can be seen, for example, in the German 
publication "Diesel-Speichereinspritzsystem Common- 
Rail" [Diesel Common Rail Accumulator Fuel-Injection 
System] Bosch Technical Instruction No. 1987722054; 
K1WDT-0997-DE". 

The function of a pressure control valve of this kind 
essentiaUy corresponds to that of a pressure relief valve. In 
the event of a failure of the pressure control. The control 
valve protects the components from bursting as a result of 
being overloaded. The pressure control valve limits the 
pressure in the pressure accumulation chamber, the so-called 
rail, by virture of the fact that it lifts up from the valve seat 
in the event of an excessive load and unblocks the through 
openings. Pressure control valves that are known from the 
prior art and are described in t he above-mentioned publica- 
tion pennit^aTmomentaFj^mm 
the pressure accumulation chamber. 

This prevents damage to components of the fuel injection 
system in the event of possible system malfunctions due to 
an excessive pressure in the fuel injection system. If mal- 
functions occur which, for example, lead to a continuous full 
delivery, i.e. at a very high system pressure, which is the 
case for example in a limp-home program. Then by means 
of the pressure control valve, through the discharge of a fuel 
quantity into the tank, a pressure is adjusted in the fuel 
injection system which on the one hand, prevents damage to 
any components of the fuel injection system and on the other 
hand, is at least great enough that an opening of the fuel 
injection nozzles and consequently a driving operation is 
possible. 

Such a limp-home operation places high demands on the 
durability of both the spring and the valve in the region of 
the valve seat. When the pressure control valve is subjected, 
for example, to a very high pressure that prevails during 
limp-home operation, a collision of the piston against the 
valve seat, for example, or a vibration-induced fracture of 
the spring can occur. 

An object of the invention, therefore, is to improve the 
pressure control valve of this generic type to the extent that 
on the one band, in all operating situations, no pulsating 
pressure is produced in the pressure control valve within 
predetermined limits and that an impact and/or collision of 
the piston does not occur cither in/against the valve seat or 
against the stop. 

ADVANTAGES OF THE INVENTION 

In a pressure control valve of the type described begin- 
ning in the, this object is attained according to the invention 
by virtue of the fact that throttle elements are disposed 
upstream and/or downstream of the valve seat in the flow 
direction of the fuel. 
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The disposition of throttle elements upstream and/or 
downstream of the valve seat in the flow direction of the fuel 
has the particularly great advantage that the system pressure 
is adjusted by means of these throttle elements as a function 
5 of the through flow quantity. Furthermore, the throttle ele- 
ments permit a flow-favorable guidance of the fuel inside the 
pressure control valve. 

A wide variety of embodiments are conceivable with 
regard to the disposition of the throttle elements. An advan- 
10 tageous embodiment provides that a throttle element is 
disposed in high-pressure connection. In this instance, the 
throttle element is disposed upstream of the valve seal and 
throttles the system pressure prevailing at the valve seat. 

Another embodiment provides that a throttle element is 
disposed in the at least one through opening. This kind of 
disposition of the throttle elements effectively prevents an 
impact or collision of the piston against the valve seat. 

A particularly advantageous embodiment provides that 
the cup -shaped piston has an additional piston disposed 
coaxially in the cup-shaped piston upon which, by means of 
the spring or by means of an additional spring, a spring force 
can be exerted in the direction of an additional valve seal 
embodied on the cup-shaped piston. This additional piston 
has at least one additional throttle element which can be 
acted upon by pressurized fuel through the lifting of the 
additional piston from the additional valve seat. This dual 
stage pressure control valve has the great advantage that on 
the one hand, the pressure control valve opens only when a 
predetermined pressure is exceeded and on the other hand, 
"^^ a "holding pressure" can be set, which can be chosen 
independently of the opening pressure. The pressure control 
valve thereby opens only when a high pressure has been 
exceeded, which is the case, for example, during limp-home 
operation. The holding pressure, which prevails after the 
opening of the pressure control valve, prevents the compo- 
nents of the fiiel injection apparatus from being continuously 
loaded with the high opening pressure when the pressure 
control valve is open. In this connection, the holding pres- 
sure can be set to a predetermined value through the selec- 
tion of the additional throttle elements and the spring force 
of the spring. 

Therefore purely in principle, a wide variety of embodi- 
ments are conceivable with regard to the embodiment of the 
additional throttle elements in the additional piston. One 
advantageous embodiment provides that the additional 
throttle elements are through openings in the additional 
piston. Another advantageous embodiment provides that the 
additional throttle elements are one or a number of prede- 
termined leaks in the additional valve scat. 

The valve seats can be embodied in various ways. 

One advantageous embodiment provides that the valve 
seat is embodied as a conical seat. 

Another advantageous embodiment provides that the 
55 valve seat is embodied as a spherical seat. 

Therefore in the dual stage pressure control valve 
described above, for example both valve seats can be 
embodied as conical seats or as spherical seats or can be 
embodied in alternation as a conical seat and a spherical 
60 valve seat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention are the 
subject of the following description as well as of graphic 
65 depictions of several exemplary embodiments. 

FIG. 1 is a sectional depiction of a pressure control valve 
according to the invention; 
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FIG. 2 shows an enlarged detail that is indicated with II pulsating pressure from being produced inside the pressure 

in FIG. 1; control valve, which can lead to vibrations and possibly to 

FIG, 3 is a sectional depiction of another exemplary ^ vibration-induced fracture of the spring 40 Furthermore, 

embodiment of a pressure control valve according to the « ^°"^«on of the piston 30 agamst the valve seat 16 is 

invention; 5 prevented. ^ ^ 

1. .. r L t The t hrottlc'e] cmcnt,50,.Le..its lengthand.the^diametero'f 

FIG 4 shows sectional depictions of two other exemplary its.th7mQ^S^-51ris"adjusted-sonhat-the'piston-does-notv 

embodunents of a pressure control valve accordmg to the strikeiagainst-either--the-stbp-20l^ 

invention; and example,jhe throttie:elemenr51:i^^ 

FIG. 5 schematically depicts the chronological march of is heId-in-a "flo ating:position— slightly beneath"lhe stop 20. 
pressure in the pressure control valves shown in FIG. 4. As shown in FIG. 1 and particularly in FIG. 2, the sealing 

of the pressure control valve takes place by means of a 

DESCRIPTION OF THE EXEMPLARY so-called "biting edge" 13, whose sealing principle is based 

EMBODIMENTS either on a plastic deformation of the housing 10 of the 

A , u J- « r .11 pressure control valve or the plastic deformation of a flat 

An exemplary embodiment of a pressure control valve 15 *^ r -a • * u- l * 

. . j^.u / • I J . u- u surface 70 against which it comes to rest, 

shown m FIG. 1 mcludes a housmg 10 with a high-pressure , 3 , u j- * u • 1 

^««««^t™ 11 « «.h.«, ^^««^ot^^« 1-7 Tk-^«.«o;«or In a second exemplary embodiment, shown in FIG. 3, the 

connection 11 and a return connection 12. <llie=nousing-is , . , . , -j 1 . .u r*u c . 1 

^ . 14 ♦ u • elements which are identical to those of the firet exemplary 

cpioy^kd^thrazs epped^hc^^ 14 m the housmg, embodiment are provided with the same reference numerals 

which ends at a valve seat 16 on Its end onented toward the ^ ^^^^ ^^ ^^^ ^^^.^ description, fully inclusive 

high-pressure comiection 11 and in which, on its end on- 20 ^^^^^^^^ ^^^^ explanations of the first exemplary 

ented toward the return connection 12, a stop 20 is disposed, ^^u^a-^^ ♦ 

c 1 J J L ci_ • J ■ . embodiment. 

for example as depicted, by means of being screwed mto a , . ^ , i. j- . .1. . , 

thread provided in the housing bore 14. For example, the , 'Z'^^ fi^t exemplary embodiment, the throttle 

stop can be secured by means of a Heli-Coil 22. as shown ^'^""^""^ '^^P"^^^ downstream of the valve seat, not 

^ J ' 2^ Upstream of it. As can be seen in FIG. 3, the throttle elements 

53 are disposed respectively in the through openings 33. 

cA:pistoK35can:be:moyed:m Jhe:axialidirecl!Oo^oJ^ These throttle elements 53 damp the motion of the piston 30 

,pffSsurejonjrol valve^ so that it does not strike against either the stop 20 or the 

rlpr^unter to-the spnng-force of-a spniig 40: ITie piston 30 valve seat 16 

has the shape of a cup-like form, on the interior of which the Furthermore, in the example shown in FIG, 3. the valve 
spring 40 is guided and supported. "Hie stop 20 likewise has 30 ^ ^^^^ y^^^^^ ^ ^ ^ , 

the shape or a cup, on the mtenor of which the spnng 40 IS ... ,. . <^ • j- j- • i 

•J J J J J • . J . J seat, wherein a seahng sphere I6a is disposed m a conical 

guided and supported on its end onented toward the return ^^^^ ^^^^ .^^^^ ^ 

connection 12. In order to adjust the initial stress of the sirikes aeainst the sealinc sphere 16a 

spring 40, a disk 22 can be provided in the slop 20, which , . , f f . . ^ . 

can be adjusted in the axial direction and locked. 35 , '° exemplary embodunente shown m FIG 4, the 

^ . , . , . . . elements which are identical to those of the second exem- 

On its end oriented toward the return connecUon 12. the pj,^ embodiment are provided with the same reference 

stop 20 has a through openmg 24. numerals so that with regard to their description, fully 

On its end oriented toward the valve seat 16, the piston 30 inclusive reference is made to the explanations of the second 

likewise has through bores 33, which connect the housing ^ eya piplary embodiment, 
bore 14 to the interior of the cup-shaped piston 30. ✓^'^^Sitk st-to't hTseoond-exem}^^ 

In the pressure control valve shown in FIG, 1, the valve ' exemplaFy-embodiments-shown-in~FIGll4,_an^ad^Uu5nal^^ 

seat 16 is embodied as a conical seat, wherein on its end piston~80"is^isposed''i^idOMi^^sha 
oriented toward the valve seat 16, the cup-shaped piston 30 ^can b^ moved''iMil^counter to~theIspringrforce„of jtieZ) 

is embodied as conical, 45 spnng40 which^acts iph ellifcction^of the"vaj v^ In 

In order to prevent wear and tear due to collision of the this additional piston 80, which is disposed coaxial to the 

cup-shaped piston 30 against the valve seat 16, the provision cup-shaped piston 30, a throttle element is provided in the 

is made that the sealing point of the valve seat coincides with form of an opening 81, as shown on the left half of FIG. 4. 

the effective diameter for the opening of the valve so that a As shown on the right half of FIG. 4, a throttle element can 

possible collision of the piston 30 against the valve seat 16 50 also be provided in the form of a predetermined leak, which 

does not increase this effective diameter. In this connection, is disposed in the additional valve seat 81 and is connected 

a cone angle difference between the conical end of the piston to an opening 84 in the piston. The throttle elements 53 in 

30 and the valve seat 16 is advantageously selected to be as the cup-shaped piston 30 can be closed by means of the 

small as possible. In a potential collision of the piston 30 additional piston 80, which on its end oriented toward the 

against the valve seat 16, this leads to large contact surfaces 55 additional valve seat 81 is embodied, for example, as 

and consequently to small compressive stresses, which conical, as shown in FIG. 4. 

counteract a collision. ^jSiy k^i^'l^SB^ i^iB^l^^ rc^controlgv'ailv^i'i 

A throttle clement 50 is provided in the high-pressure / H^^'lill5^^ 

connection 11 with a throttle bore 51 that throttles the fuel If the pressure in high-pressure connection 11 increases 

flowing at high pressure through the high-pressure connec- 60 beyond a presettable pressure, wherein this preseltable pres- 

tion 11. As^;a^resullr:theTdiameter::ofithe:ihi^ttlelb sure can be adjusted by means of the restoring force of the 

providedzinzthezthrolUe^elementzSOrcaiTb^ spring 40 and the opening cross section of the inlet bore 19, 

thaiHheJnlet^bor^ shown in FIG. 1. then the cup-shaped piston 30, which can move in the bore 

Naturally, the diameter of the throttle bore 51 can also be 14, lifts up from the valve seat 16 and thus opens the valve 

equal to or smaller than that of the inlet bore 19. In any 65 seat 16. The cup-shaped piston 30 is thus moved axially by 

event, the throttle element SO produces a throttling of the means of the pressure until it comes into contact with the 

pressurized, flowing fuel. The throttle element 50 prevents a stop 20. 



08/26/2004, EAST Version: 1.4.1 



us 6,244,253 Bl 

5 6 

The highly pressurized fiiel flows through the throttle spirit and scope of the invention, the latter being defined by 

elements 53 to the conical end of the additional piston 80 the appended claims, 

resting against the additional valve seal 81. The opening ^j^^^ ^ claimed is* 

pressure of this additional piston 80 is set to a desired ^ ^ ^^^^^^ ^^^^^j ^^j^^ ^ ^^^1 -^^^^^^^ apparatus 

pressure, e.g. at a level of 600 HPa, for example dunog a5|... , ... ij- /tn\ 

f . , ' ^ J- . ' L u for internal combustion engmes, mcludmg a housing (10) 
limp-home program. The ad] ustment thus occurs by means , f, j * *• 
of the pressure surface upstream of the second piston 80 and "^^^ « high-pre^ure conneCOD (11) and a re urn connecUon 
the spring tension of the spring 40. After the additional (12) and mcluding » cup-shaped palon (30) which is 
piston 80 has lifted up from the additional valve seat 81, by "> " housing bore (14) and moved axiaUy between 
means of which the throttle elements 53 in the cup-shaped 10 « valve seat (16) oriented toward the high-pressure connec 
piston 30 are opened, the pressurized fuel, throttled by the (") " ^'op (20) oriented toward the return connec- 
throttle elements 82 and 83 disposed in the additional piston "o" (12). counter to the spring force of a sprmg (40) acting 
80, flows into the interior of the cup-shaped piston 30 and by "> ^ direction of the valve seat (16), and has at least one 
way of the opening 24 provided in the slop 20, Hows out via "Jfoigh opening (33) that connects the inside of the cup- 
the return connection 12, for example into a tank (not is shaped piston (30) to the bousmg bore (14), at least one 
shown) of the internal combustion engine. The sizes of the 'hrottle element (50; 53) is disposed upstream and/or down- 
throttle elements 82, 83 are set so that the pressure control s'f""^ of the valve seat (16) m the flow direction of the fuel 
valve functions as a regulating valvc,and>maintains a desired '^e cup-shaped piston (30) havmg an addition^ pistoi^ 
pressure, for example at a level of HPl independently djsposed.coaxiaUy.inalrupoa^^ 
of the through flow quantity in the^fuWinjeilioQ apparatus. 20 (40):orib^^^ai:of-aD-ad^!i^ 

„ , , ... , , exeitOT— in a direction-of-an-additional valve seat-'(8l) 

-nie rnarch of ptessute over time of the pressure control c^^^,^^ cup-shaped piston (30), and this additional 

valves shown m FIG. 4 is schematicaUy depicted m FIG. 5. ^^^^^ ^^^^ ^^^^ additional throttle element (82; 

Initially, the pressure control valve is opened by means of ^^^^^ ^^tcd upon by pressurized fuel through the 

a high-pressure p (opening), within a short time, the pressure lifting of the additional piston (80) from the additional valve 

drops to a pressure p (holding) due to the lifting of the g^^j 

additional piston 80 from the additional valve seat 81. By 2. The pressure control valve according to claim 1, in 
adjusting the throttle elements 82, 83 provided in the addi- ^jjjch the at least one IhrotUe element (50, 53) is a throttle 
tional piston 80, the pressure can then be kept at the element (50) which is disposed in the high-pressure con- 
predetermined value p (holding). nection. 

The exemplary embodiments shown in FIG. 4 of a so-to- 3. The pressure control valve according to claim 1, in 

speak dual stage pressure control valve of this kind have the which the at least one throttle element (50, 53) is a throttle 

great advantage that both the cup-shaped piston 30 and the element (53) which is disposed in the at least one through 

additional piston 80 are acted on by the spring force of a opening (33). 

single spring 40. The low manufacturing costs, small struc- 4. The pressure control valve according to claim 1, in 

tural space, and simple installation of the pressure control which the additional throttle elements (82) are through 

valve are particularly advantageous in this connection. openings in the additional piston (80). 

Naturally, however, instead of only a single spring, two 5. The pressure control valve according to claim 1, in 

springs can also be provided— namely one spring for the which the additional throttle elements (83) are at least one 
cup-shaped piston 30 and another spring for the additional 40 predetermined leak in the additional valve seat, 

piston 80. In this instance, Ihe opening pressure of the two 6. The pressure control valve according to claim 1, in 

valves, which are disposed to an extent coaxially, can be which the valve scat is a conical seat (16). 

adjusted independently of one another. 7. The pressure control valve according to claim 1, in 

The foregoing relates to a preferred exemplary cmbodi- ^^^^^h the valve seat is a spherical seal, 
ments of the invention, it being understood that other 45 

variants and embodiments thereof are possible within the ♦ * * ♦ ♦ 
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